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Note that neither model incorporates any feed-back mechanisms, failing to account for multi-directional information flows -such as input into R&D by manufacturers or marketers.
During the 1980s, more interactive models were developed so that by the 1990s, systems approaches had appeared, representing more complex views of innovation processes. Such 'interactive' models are strongly supported by empirical evidence and are also intuitively appealing. A general form of this model may be represented as follows.
Figure 2: Interactive Model of the Innovation Process
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This model highlights the existence of feedback loops between all stages in the innovation process. Innovation is now understood as the result of interaction between various economic and social processes. These processes are rapidly increasing in complexity, through forces such as the IT revolution and globalisation. To manage this complexity in the pursuit of innovation and growth, individual organisations need the capabilities of others. Hence, the dominant unit of analysis in innovation studies has shifted from individual organisations, to groups of organisations in innovation systems, their interaction and potential for learning. Indeed, 'learning has become the central core of the new canonical thinking about the source of wealth of nations' (de la Mothe and Paquet 1998: 328) .
This new 'systems' way of thinking has been gaining momentum from the 1970s to the present day, during which time a number of highly influential studies have emerged, including Dosi et al (1998) , , Lundvall (1992) , Nelson (1993) , Carlsson (1995) and OECD (1999b; 1999c) These studies all point to innovation processes driven by knowledge, relationships and learning, in the context of collaborations with external parties. These collaborations may be informal or formal; they often involve clients, customers, research organisation, regulators, finance providers and related organisations. A wide range of system configurations are replacing solo innovation efforts as firms adjust to their more complex surroundings.
Interactive innovation processes lie at the heart of success in the new economic circumstances. As the BIE (1991:7) notes: 'For some time, studies of the innovation process have stressed the importance of networks to successful innovation, over-turning the traditional model which characterises innovation as a linear sequence running from basic research, through product development, to production and marketing. Innovation is now seen as an interactive process requiring intense traffic in facts, ideas and reputational information within and beyond the firm'.
The interactive view of innovation shown in Figure 2 is the basis for a number of useful conceptual elaborations of the innovation process, all of which emphasise the increasing complexity of successful innovation and the importance of external knowledge sources. These approaches include: networks (Freeman 1991) ; value-chains (Walters and Lancaster 2000) , clusters OECD 1999c) , development blocks (Dahmen 1988) , complexes (Glatz and van Tulder 1989; Marceau 1995) , innovation milieux (Camagni 1991; Ratti et al 1997) , complex products and systems (Research Policy, 29 2000) ; competence blocs (Eliasson 1997) ; and innovation systems (Edquist 1997) . Many of the ideas contained in these approaches fall broadly into an innovation systems perspective, which is the subject of this paper as it currently receives the most attention from policy-makers and business people. Readers interested in a broader review of associated literature are referred to Manley (2001) .
INNOVATION SYSTEMS
Although the innovation system approach emerged only a decade or so ago, Edquist and McKelvey (2000: xi) note it has:
… diffused surprisingly fast in the academic world as well as in the realms of public innovation policy making and firm innovation strategy formulation. The OECD has been particularly influential in using and further developing empirical analyses and research using this approach. 'Systems of innovation' is at the centre of modern thinking about innovation and the relations of innovation to economic growth, competitiveness and employment.
The systems perspective recognises that innovation is a collective undertaking where innovating organisations interact with others in particular institutional settings. Innovations are developed in systems where organisations and institutional rules are key elements. System approaches to innovation focus on the nature and impact of the collective character of innovation. System features will have a 'decisive impact on the extent to which firms can make innovation decisions, and on the modes of innovation which are undertaken' (Edquist 1999: 7-8 ).
The innovation system approach is 'holistic and interdisciplinary' and has the potential to encompass all the determinants of innovation. It differs from earlier analytical approaches in assuming that innovation relies primarily on interactions between institutions and people (Landry and Amara 1998: 261) .
All the features of innovation systems stem from the collective nature of successful innovation efforts. For any organisation, success relies on relationships with external parties. This view is supported by numerous empirical studies, an example of which is a rigorous examination of an innovation system by Landry and Amara (1998: 274) . Their case-study work indicates that 'innovative firms develop more interactions with outside sources of ideas, information and technology than non-innovative firms do'. In may respects, an innovation system is a social system in which innovations emerge partly as a result of social interaction between economic actors from different organisations (Cooke 1998: 11) .
The OECD has played a major role in the mobilisation of this approach to understanding economic growth. According to the OECD, innovation is the result of a complex set of linkages between actors creating, applying and distributing various kinds of knowledge. Innovation performance depends critically on 'the way these actors relate to each other as elements of a collective system of knowledge creation and use … ' (1997a: 9).
The following sections highlight four key drivers of innovation in contemporary innovation systemsknowledge flows, institutions, economic competence and interactive learning. These are the main innovation inputs discussed in the literature.
Knowledge Flows
The current popularity of the innovation system approach reflects the increasing knowledge intensity of economic activity. A key variable of interest is the 'knowledge distribution power' of a particular system, which involves the system's ability to facilitate effective knowledge flows. Analysis of a particular system will involve tracking the linkages between industry, government and academia in the development of technological and organisational innovations. A key policy aim is to identify the main channels of knowledge flow, to evaluate bottlenecks and to suggest approaches to improve the effectiveness of knowledge diffusion (OECD 1997a: 11) .
The OECD has developed a model to guide empirical studies of knowledge flows in innovation systems, as shown in Table 1 . In this model, four key types of knowledge flows are highlighted -joint firm collaboration, joint privatesector/public-sector collaboration, innovation diffusion and personnel mobility.
Joint activities between firms often take the form of collaboration between producers to pool technical resources, gain economies of scale and achieve synergies from complementary technical and human assets. User-producer interaction is also important in stimulating innovation. In both cases -producer/producer and user/producer interaction, formal and informal relations are important.
Joint activity between firms and public-sector R&D providers typically takes the form of contracts for R&D undertaken by the public-sector. The value of these linkages is determined by the quality of the research infrastructure and its accessibility to firms. Private/public-sector interaction is particularly valuable within innovation systems, as the public-sector is often a key performer of R&D and resultant knowledge needs to be transferred to users in order to promote innovation and growth.
Innovation diffusion -the adoption of advanced methods and technologies by new users -this is the most traditional form of knowledge flow in innovation systems (OECD 1997a) . The innovation performance of a particular system depends critically on the rate of such adoption and investment in appropriate adaption to ensure successful implementation.
The movement of personnel and their knowledge capital is considered another key flow in innovation systems (OECD 1997a) . Personnel mobility reflects the movement of tacit knowledge -knowledge which cannot be written down, which is often critical in the successful integration of innovations produced by external parties.
As noted in Table 1 , there are five basic methods available for gathering data on knowledge flows:
1. Firm surveys which involve the use of questionnaires and personal interviews to elicit information on collaborative behaviour and the sources of knowledge for innovation, particularly with regard to tacit knowledge flows.
2. Literature-based alliance counting which gives a rough idea of the nature and extent of the different types of alliances within which knowledge is exchanged. It involves reviews of newspapers, journal articles, specialised books and journals, together with corporate annual reports and industry directories.
3. Analysis of research contracts indicates the extent to which the private-sector is linked to public-sector R&D capabilities. Information about the value of such contracts can be obtained from government funding sources, universities, private-sector research bodies and/or private-sector users.
4. The number of co-patents and co-publications, indicating inter-firm collaboration and private-public sector collaboration, can be ascertained from patent records and publication indices.
5. Users of R&D cite patents and publications in their literature on new developments. These citations can be counted and analysed to reveal collaboration patterns, particularly between the private and public sectors.
This OECD approach focuses on the role of knowledge in innovation systems. Statistics Canada (Anderson and Manseau 1999: 3) also focuses on the role of knowledge, and its movement from the site of generation to the site of use, which requires:
• a means of transmitting knowledge between sites;
• the capacity of knowledge generators to transmit knowledge; and • the capacity of knowledge users to search for and absorb knowledge.
From an individual firm's perspective, knowledge sites include those internal to the firm and those found in the external environment, for example (Landry and Amara 1998: 265 Institutions play an important role in determining the efficacy of knowledge flows between sources such as those described above.
Institutions
Institutions are the 'rules of the game' which govern how knowledge moves between system participants and the way in which subsequent learning and innovation takes place. Nooteboom (2000: 916) suggests that firm-level innovation outcomes are, to a large extent, dependent on the institutional context.
The following key institutions affect the performance of innovation systems (based on Amable and Petit 1999: 12):
• the finance system; • the taxation system;
• the intellectual property rights system; • the training system; • the education system;
• the industrial relations system; • labour markets;
• the internal structure of corporate firms and government bodies;
• conceptions of fairness and justice held by capital and labour;
• the structure of the state and its policies; and • idiosyncratic customs, traditions, norms, moral principles, rules, laws, standards and routines.
The innovation performance of organisations is strongly influenced by these institutions. For example, if the education and training systems are under-resourced by government, firms may find it difficult to access suitably skilled employees to support their innovation efforts. Another example is the Australian federal government cutting back of the 150% R&D Tax Concession in 1996 which had a significant impact on R&D expenditure in Australia (see Marceau and Manley 1999) . On a more positive note, Australian culture tends to support early adoption of new innovations, which can help tie Australia into global innovation systems.
Interactive learning
Another key feature of innovation systems is interactive learning. The term interactive learning implies a reliance on multiple sources of tacit knowledge in the learning process. In turn, learning has been shown to be a key input in the innovation process (eg. Dodgson 1996) . Dosi (1988: 222-223) observes that there are five problematic features of innovation processes that require interactive learning in order to promote positive outcomes, these are:
Uncertainty: including the lack of full information about the occurrence of known events, the existence of techno-economic problems whose solution procedures are unknown, and the inability to predict precisely the consequences of one's actions. The involvement of multiple players in interactive learning increases the stock of knowledge and the breadth of experience that can be drawn on to reduce uncertainty in the innovation process.
Scientific Knowledge: the increasing reliance of major new technological opportunities on advances in scientific knowledge highlights the importance of linkages between R&D users and major R&D organisations in interactive learning.
Complexity: the increasing complexity of R&D activity means that multiple players are needed in order to access multiple knowledge sources, rather than just relying on the skills of individual innovators.
Experimentation: the increasing role of experimentation in the form of learning-by-doing and learning-by-using requires access to appropriate partners to maximise the value of experimentation.
Cumulativeness: the cumulative character of innovative activity means that past decisions shape future opportunities. Hence, it is important to keep options open by maintaining a broad array of innovation interests through multiple relationships, through activities such as: user-producer interaction, formal R&D agreements, professional association functions, consultations with regulators/training organisations/fiance providers, production agreements, licencing, joint ventures, sub-contracting and conference/workshop/forum attendance.
In summarising the importance of interactive learning, Lundvall (1999: 3) notes that 'the last decade has witnessed a change in the mode of competition that implies that interactive learning, and forgetting, has become the most important process for determining the position of individuals, firms, regions and countries in competition'.
Economic Competence
The final feature of innovation systems reviewed here is the economic competence of a system's participants. The outcomes of interactive innovation process are 'a function of the level and content of economic competence on the part of various agents within the system' (Carlsson and Stankiewicz 1991: 113 ). This quality, or economic competence, is the microfoundation upon which the success of the innovation system will rest. Economic competence involves the ability to initiate and exploit new business opportunities. It is a 'scarce and unequally distributed resource … not all economic agents … are equally adept at generating new ideas or absorbing new ideas from outside' (Carlsson and Stankiewicz 1991: 94) . Carlsson et al. (1999: 5) identify four crucial types of firm-level competence in innovation systems:
1. Selective/strategic ability: the ability to: make innovative choices between markets, products, technologies and organisation structures; engage in entrepreneurial activity; select key personnel; and acquire other key resources, including new competencies. An important part of strategic capability is the notion of receiver competence or absorptive capacity, which involves the ability to scan and monitor relevant technological and economic information; identify technical and market opportunities; and acquire knowledge, information and skills needed to exploit opportunities.
2. Organisational/integrative/coordinating ability: the ability to organise and coordinate resources and economic activities within the organisation so that overall objectives are met. This includes the ability to generate and improve technologies through new combinations of existing knowledge and skills. This should be the main function of middle management in an organisation.
3. Technical/functional ability: the efficient execution of various functions within the firm to implement technologies and utilise them effectively in chosen markets.
4. Learning/adaptive ability: the ability to learn from success as well as failure, to identify and correct mistakes, and to diffuse technology throughout the organisation. This ability is essential for long-term survival. A firm that is both effective and efficient at a point in time eventually becomes neither unless it can adapt to changing circumstances (especially changing technology).
Later research by Nooteboom et al. (2000: 120) suggests that a fifth relational ability is required.
5.
Relational ability: the ability to focus on core competencies and utilise complementary resources from other firms. This ability has increased in importance in recent years due to the pressures of globalisation, the increasing complexity of input and output markets and the increasing speed of technical change.
The presence of these five abilities in the organisations which make up an innovation system will greatly assist the system's performance, particularly by improving the value of interactive learning opportunities.
CONCLUSIONS
This paper has touched on four key drivers of innovation in innovation systems -knowledge flows, institutions, interactive learning and economic competence. These drivers are the main ones to emerge from analysis of a wide range of contributions to the academic literature. Compared to earlier linear approaches to understanding innovation processes, systems thinking has contributed a great deal to our understanding of effective innovation processes.
Although the literature acknowledges that an ideal system is not possible to specify (Edquist 1997: 20) , the following guidelines concerning the nature of a well-performing innovation system can be put forward:
• Organisations: An innovation system is more likely to be effective if it includes a diverse range of organisations with different types, and high levels of, economic competence. The system is likely to operate more effectively if it includes firm and non-firm organisations, demanding customers, and new industry players.
• Institutions: Innovation system performance is critically affected by institutional arrangements. Critical institutions, such as those relating to training, education, finance and intellectual property need to incorporate arrangements that are supportive of innovation.
• Linkages with external parties: Maximum advantage will be gained if external linkages are dense, multistranded, long-term, knowledge-intensive, vertical and horizontal, market and non-market oriented, and inclusive of innovation, production and distribution relationships. Such factors support the development of effective dynamics within innovation systems.
• Outcomes: Innovation system outcomes will be maximised if individual participants perceive benefits beyond what they could achieve in isolation. The system is then more likely to be stable and productive.
In the rapidly changing environment of the 21 st century, the ability of businesses and governments to generate growth and jobs will rest critically on their innovation performance. The systems framework represents a new and increasingly popular approach to understanding and improving that performance.
